The usefulness of replacement of caloric sugars by low-calorie sweeteners (LCS) for weight management has been questioned on the grounds that the uncoupling of LCS sweet taste and dietary energy may confuse physiological mechanisms, leading potentially to higher energy and sugar intake. The aim of the present study was to determine whether LCS beverages compared to water, when consumed with meals, differ in their effects on energy and food intake in acute trials and after long-term habituation. Ad libitum food intake of 166 (80 women; 86 men) healthy non-obese adults (BMI between 19 and 28 kg/m 2 ), infrequent consumers of LCS was measured in four 2-consecutive-day testing sessions (Day 1 in the laboratory, Day 2 free-living). During the first 3 sessions, held one-week apart, participants were required to drink either water or commercial non-carbonated LCS lemonade (330 ml) with their main meals (randomised cross-over design). On Day 1, motivational ratings were obtained using visual analogue scales and ad libitum food intakes (amounts and types of foods selected) were measured using the plate waste method. On Day 2, participants reported their ad libitum intakes using a food diary. After Session 3, participants were randomly assigned to the LCS habituation group or to the water control group. The habituation (660 ml LCS lemonade daily vs 660 ml water) lasted 5 weeks. The fourth and final test session measured food intakes and motivational ratings after habituation. Water and LCS beverage did not differ in their effects on total energy intake, macronutrient intakes or the selection of sweet foods and on motivational ratings. Similar results were obtained in both LCS-naïve and LCS-habituated individuals.
Introduction
Strategies for reducing the sugar content of beverages and foods are viewed as critical to global public health. Observational studies (Bundrick, Thearle, Venti, Krakoff, & Votruba, 2014; Dubois, Farmer, Girard, & Peterson, 2007; Liebman et al., 2003; Schulze et al., 2004; Troiano, Briefel, Carroll, & Bialostosky, 2000) , intervention trials (Chen et al., 2009; Tordoff & Alleva, 1990) , and systematic reviews and metaanalyses (Malik, Schulze, & Hu, 2006; Vartanian, Schwartz, & Brownell, 2007; Pan & Hu, 2011; Te Morenga, Mallard, & Mann, 2012) have all linked excessive sugar consumption to higher energy intakes and to weight gain. The World Health Organization has recommended reducing the percentage of daily energy from free sugars to 10% ("strong recommendation"), or even 5% ("conditional recommendation") (WHO Guideline, 2015) .
Low-calorie sweeteners (LCS) have long been used to reduce sugar calories while maintaining the palatability of beverages and foods. However, two types of reservations have been raised regarding the use of LCS for the reduction of sugar calories and for weight management. The first argument, first raised by Blundell & Hill, 1986 (Blundell & Hill, 1986 , had to do with the supposed paradoxical stimulation of appetite by LCS that provide sweet taste without calories. That objection was addressed directly in subsequent experimental studies showing no short-term effects of LCS on hunger, appetite, or energy intakes (Drewnowski, 1995) . The second argument had to do with the long term efficacy of diet beverages in weight management. It has been suggested in a recent review that prolonged ingestion of LCS may disrupt the learned responses that normally contribute to energy homeostasis and body weight control (Burke & Small, 2015) . Potential mechanisms could involve the disruption of cephalic-phase insulin secretion, incretin mobilization by sweet taste receptors in the gut, cognitive influences, alteration of gut microbiota, and direct neurotoxicity (Berthoud, Bereiter, Trimble, Siegel, & Jeanrenaud, 1981; Jang et al., 2007; Suez et al., 2014; Curry & Roberts, 2008) .
The impact of LCS on body weight change over time has been addressed previously (de la Hunty, Gibson, & Ashwell, 2006; Bellisle & Drewnowski, 2007; Mattes & Popkin, 2009; Miller & Perez, 2014; Bellisle, 2015; . The recent systematic review of Rogers et al. (Rogers et al., 2016) covered 90 animal studies, 12 prospective cohort studies, 129 short-term randomized controlled comparisons, and 10 randomized controlled trials of the effects of LCS as compared to sugar sweetened beverages or to plain water. They concluded that there was considerable evidence to suggest that LCS consumed in place of sugar were helpful in reducing relative energy intake and, importantly, went on to note that "the effects of LCS beverages also appeared neutral relative to water, or even beneficial". One possible mechanism suggested by current research is that LCS satiate rather than enhance the appetite for sweetness (Piernas, Tate, Wang, & Popkin, 2013) .
While the research focus has been on comparing LCS beverages to sugar sweetened beverages, relatively few experimental studies have compared the long term effects of LCS beverages with those of plain drinking water (Rogers et al., 2016 ). Yet many of the current recommendations favor plain drinking water rather than LCS beverages as substitutes for sugar-containing beverages (Borges et al., 2017) . The present study, a two-arm randomized clinical trial (RCT), tested the impact of LCS beverages versus plain water on energy intake in healthy French adults. Importantly, the present cohort was composed of LCS-"naïve" men and women who did not consume LCS on a regular basis and tests were performed before and after a 5 week habituation period to LCS.
The main hypothesis was that LCS beverages would not differ from plain water in their impact on mean energy intake, either before or after LCS habituation, in the laboratory or at home. A non-inferiority statistical analysis was used to test this hypothesis. A secondary hypothesis was that LCS beverages, compared with plain water, would not modify appetite, macronutrient intakes, choices of sweet or savory foods, and would not lead to an increase in sugar consumption in LCS-naïve and LCS-habituated participants, as measured both under laboratory and free-living conditions.
MATERIAL and METHODS

Participant screening, recruitment, and enrollment
Male and female volunteers (18-45 years-old) were recruited through advertising in the local community. Power calculations, based on Julious (Julious, 2004) , established that the planned equivalence/ non-inferiority statistical tests required 80 women and 86 men. Initially 2214 potential candidates were screened by telephone. Inclusion criteria required that participants be healthy, non-obese (body mass index between 19 and 28 kg/m 2 ), and infrequent, non-regular users of LCS. Potential participants who consumed LCS (in the form of beverages, tabletop LCS, or diet foods) more often than once every 2 weeks were excluded. Potentially eligible participants (n = 667) were invited to an in-person interview with the research staff. Following medical screening, 174 participants were found eligible for the study; however 8 did not return for the first experimental session. The final per protocol (PP) study sample was 80 women and 86 men (N = 166). Fig. S1 in supplementary data, gives the flow diagram of the recruitment and participation through the phases of the study. All participants signed an informed consent form and were informed of their right to withdraw from the study at any time.
The protocol was approved by the Institutional review Board (CPP of Lyon Sud-Est III, September 16, 2014), registered and authorized by the French competent health authorities (ANSM, June 19, 2014 , N°ID RCB: 2014 . The study was registered in the Protocol Results registration System (PRS) at ClinicalTrial.gov (Identifier: NCT02297880). The first participant was enrolled on October 14, 2014 and the experimental procedure ended on March 14, 2016.
Design and time course of the study
The RCT was designed as a two-arm study comparing plain water versus LCS lemonade. Study duration was 9 weeks for each participant, with 4 experimental 2-day sessions. In each of these weekly sessions, food intake and appetite were followed first under laboratory conditions (day 1) and then under free-living conditions (day 2). During session 1 (week 1), all participants consumed plain water with meals eaten in the laboratory (day 1) and under free-living conditions (day 2). Participants were required to consume at least 330 mL mineral water (one bottle) at each main meal (breakfast, lunch, and dinner).
During sessions 2 and 3 (weeks 2 and 3) the participants were required to drink either 330 mL LCS lemonade or 330 mL plain water in counterbalanced order. Half of the sample received water (week 2) then lemonade (week 3); the other half received lemonade first, then water. Participants were required to consume 330 mL lemonade or mineral water (one bottle) at each main meal (breakfast, lunch, and dinner) on both laboratory (day 1) and free-living days (day 2).
After week 3, the participants were randomized into two study arms. The Experimental group was habituated to drinking two cans of the LCS lemonade each day, preferably with the main meals, during the next 5 weeks (weeks 4-8). We estimated that 3 cans per day for 35 days would have been excessive, resulting in a high risk of noncompliance. The Control group consumed the same amounts of mineral water and was instructed to avoid LCS sweetened beverages or foods. Randomization was stratified by sex and energy intake at baseline. Men and women with comparable energy intakes at baseline were randomly assigned to the Experimental or Control groups. Energy intakes were assessed using a 3-d food diary completed at study enrollment at the time of the medical visit.
During the habituation period (weeks 4-8), according to their group, participants were instructed to consume 660 mL/day LCS lemonade or mineral water (2 bottles or cans/day). During week 9, the Experimental LCS group was tested with LCS lemonade and the Control group was tested with water, under the same conditions as in weeks 1-3. No cross-over was used after the habituation period since all the participants in the experimental group then received the LCS beverage associate to the meals, and all the control received water. This design allowed detailed comparisons of the effects of LCS versus water both at the time of the first exposure to LCS (weeks 2 or 3) and following the 5-week LCS habituation period (week 9). Fig. S2 . This is a non-carbonated drink without caffeine. Sweeteners in this beverage are acesulfame K, aspartame, and sucralose. The beverage provides less than 1 kcal per 100 mL. The control beverage was plain mineral water Chaudefontaine ® in 330 mL bottles.
Food intake measurements under laboratory and free-living conditions
During each 2-day measurement session, food intakes were assessed on two successive days. On day-1 food intake was measured under cafeteria-like laboratory settings; on day-2, under free-living conditions, it was recorded by the participants in a food diary. On experimental day-1 in the laboratory, participants arrived at 07:30 following an overnight fast and left the laboratory after 22:00. They were housed individually in a quiet room where they could have any sedentary activity of their choice. They were served a buffet-style breakfast at 8:00, lunch at 12:00, mid-afternoon snack at 16:00 and dinner at 19:00. At each eating event, they were instructed to eat ad libitum until they felt full. The amounts of all foods selected were weighed and recorded and plate waste was measured. The participants were asked not to consume any food outside of the laboratory after living the laboratory in the evening.
The buffet composition was identical for all sessions (see Table S1 in supplementary data). The breakfast buffet included 20 items, the lunch and dinner buffets included 49 items, and 14 different options were provided for the between-meal snack. The options included the major food groups: dairy (yogurt, cheese), meat, grains, vegetables and fruits, as well as desserts and condiments. In keeping with the French cultural norms, both hot and cold foods were available at mealtimes. Plain water was available ad libitum at every meal in addition to the beverage imposed by the study protocol. It was indeed important that participants be able to hydrate themselves normally since any dehydration by limiting water intake could have had a significant impact on their feeding behavior. It was therefore essential that all participants could meet their water needs by consuming, in addition to the drinks imposed, pure water ad libitum.
Because previous articles suggested that LCS exposure could promote preferences for sweet taste, leading to higher consumption of total and added sugars, the foods served were selected to include both sweet and savory options. Based on exact composition of each food, total energy (TEI) and macronutrient (total lipids, protein and carbohydrate, mono-and disaccharides, saturated fat) intakes were computed. The number of sweet and savory food options selected and ingested during the whole day was also recorded.
On the following day in free-living conditions, the participants recorded the foods and beverages consumed in a diary. The portions were weighed. A registered dietician instructed each participant about weighing all the food they consumed on the next day (using a portable household scale lent by the research center) and to reporting the quantity (leftovers deducted) in a food diary. Energy and nutrient intakes were computed using the validated Nutri-7 ® software (Fantino & Gourmet, 2008; Ghisolfi, Fantino, Turck, de Courcy, & Vidailhet, 2013) based on the food composition indicated by the producers or on the CIQUAL French food composition table of the French Food Safety Agency (ANSES) (https://pro.anses.fr/tableciqual/). Appetite ratings were obtained during the laboratory session. At 1 h intervals between 08:00 h and 22:00 h, and after each meal, participants rated their sensations of hunger, fullness, and desire-to-eat using digital Visual Analogue Scales (touch screen VAS). Ratings were assessed according to Blundell et al. (Blundell et al., 2010) .
Statistical analysis
The hypothesis was the "non inferiority" of LCS beverages compared to water for their effects on food intake behavior prior to and after a 5-wk habituation. The sample size was computed using NQuery 7.0 software separately for males and females, considering the non-inferiority margin (i.e. the maximum value over which two daily TEI can be considered equal) as 15% with a 2-sided 5% type 1 error and a statistical power of 80%. The non-inferiority margin was determined according to the method prescribed by the Food and Drug Administration (FDA, 2016) and European Medicines Agency (EMA, 2005) . Since there was no-drop out after the first measurement week, a single analysis population was used including all randomized participants (80 women and 86 men).
The primary objective was the demonstration of the "non inferiority" of the daily TEI associated with LCS versus water during the cross-over pre-habituation measurement (sessions 2 and 3). The hypothesis was tested using an analysis of covariance model for cross-over design, including site of measurement (laboratory/free-living), sex (male/female) and the interaction site x sex. Non-inferiority is confirmed when the upper 95% confidence interval boundary of the intrasubject ratio of TEI (LCS/water, log transformed) is lower than 1.15 as stated in the protocol (non-inferiority margin Δ = 15%).
The secondary objective was the "non-inferiority" of LCS versus water following the 5-week habituation phase, in terms of food intake associated with meal-time consumption of either LCS beverage or water. The outcome measure was the comparison of the ratio difference of TEI before/after the habituation phase in both groups. The hypothesis was tested using an analysis of covariance, mixed model, for parallel design with site of measurement (lab versus free-living), sex (male/female), and habituation group (LCS or control) as main factors, and baseline TEI (Week 1) as the covariate. For each site, two-sided 95% confidence interval of the ratio difference (LCS/water) in the four different conditions (sex x habituation group) was compared with the non-inferiority margin. Non-inferiority is confirmed when the upper 95% CI boundary of the ratio difference of geometric means of TEI is strictly lower than 1.15 as stated in the protocol (non-inferiority margin Δ = 15%).
Statistical analysis of non-inferiority requires determining the noninferiority margin on the basis of known variability of the measured parameter. Consequently, a non-inferiority statistical analysis could not be applied to the others outcomes because it would have required different population sizes than for the primary objective. So descriptive statistics and mixed model ANOVAs, followed by appropriate post hoc comparisons, were used to compare macronutrient intakes and sweet/ savory food selection in both LCS and water conditions. The overall effect of LCS on appetite ratings was evaluated comparing areas under the curve (AUC), computed by the trapezoidal method, of the 18 daily ratings (15 hourly ratings plus three post-meal ratings) of hunger, fullness and desire-to-eat recorded in the laboratory from 08:00 to 22:00 h under LCS or water conditions. Participants' compliance during the 5-week habituation phase was assessed as the ratio of the number of bottles/cans the participants were required to drink to the number actually drunk. The participants had to return to the laboratory each bottle/can provided, empty or full.
Non-inferiority statistical analyses were performed by the independent Clinical Research Organization RCTS, with the SAS software, version 9.2. For other analyses, the NCSS ® software was used (Statistical System of Windows, Number Cruncher Statistical System ® version 2017, Kaysville, Utah, USA).
Results
Pre-habituation effects on LCS-naïve participants
During experimental sessions of weeks 2 and 3, LCS-naïve female and male participants drank either a can of LCS lemonade with main meals for two consecutive days (total: 2 × 990 mL) or, according to a cross-over design, the same volume of mineral water. Table 1 summarizes the results of the non-inferiority analyses of TEI in the LCS versus water conditions. In each situation, the upper 95% confidence interval (CI) boundary of the intra-participant ratio of TEI (LCS/water) was below the margin of 1.15. Consequently, the daily consumption of LCS beverages at meal times (3 × 330 mL over two days) by healthy men and women who were infrequent consumers of LCS did not modify their TEI compared to the same consumption of water. Table 2 presents the daily macronutrient intakes measured in the laboratory (day-1) and in free-living conditions (day-2) for each beverage. The intake of most macronutrients was not affected by the type of meal-time beverage. Two-way ANOVA (mixed model) reveals no difference for most macronutrients between LCS and water, in male or female participants, in the cafeteria-style laboratory settings or under free-living conditions. Sugar (mono-and disaccharides) intake in the laboratory, however, was significantly decreased under LCS in both men and women, as was total CHO intake in male participants (Table 2 ).
The total number of sweet tasting foods selected and eaten in the laboratory was significantly smaller in females than in males; it was marginally lower in male participants under LCS versus water (Table 3) .
In both sexes, mean ratings of hunger, fullness, and desire-to-eat obtained in the laboratory over the full day (from 08:00-22.00 h) were very similar. AUCs did not indicate any significant difference of the motivation to eat according to type of beverage, except for fullness in women, which was slightly but significantly lower under LCS than water conditions (AUC 8-22h with LCS: 950 versus AUC 8-22h with water: 970; paired t-test: p = 0.037).
Post-habituation effects
The lowest level of individual compliance (ratio between amounts of LCS or water units consumed and the protocol requirements) was 0.86 and the mean was near 100% in both groups, with no significant difference in mean ratios between men and women and no difference according to habituation groups.
The effect of habituation to LCS was evaluated by comparing eating responses observed on week 9, after the 5-week habituation phase (2 × 330 mL/day LCS or water from week 4 to week 8), with the same responses observed on week 1 in LCS-naïve participants, comparing eating responses between LCS-habituated participants and controls (between subjects comparisons).
Initial BMI were 21.4 ± 0.4 and 21.9 ± 0.4 respectively for females of the water group and of the LCC-group, and 23.5 ± 0.4 and 22.9 ± 0.4 for males. For both sexes, two-way ANOVAs did not detect any significant group effect on BMI after versus before the habituation period and no interaction of sex. Table 1 summarizes the results of the non-inferiority analyses of TEI in week 9 in LCS versus control participants. The mixed repeatedmeasurements analysis of covariance for parallel design included baseline TEI (pre-habituation TEI in week 1) as covariate. For each site of measurement (laboratory and free-living), two-sided 95% CI of the ratio difference (LCS/water) in the four different conditions (sex x habituation group) was below the non-inferiority margin of 1.15. Consequently, the daily intake of LCS beverages (3 × 330 mL/day) for 5 weeks by healthy non-obese men and women who were previously infrequent consumers of LCS did not modify their food intake or TEI. Table 4 compares the TEI and macronutrient intakes measured under laboratory settings (day-1) and free-living (day-2) during week 1 and week 9. Changes from week 1 to week 9 were observed for some macronutrient intakes, mainly in male participants. ANOVAs (mixed model) indicated some significant increases under laboratory conditions, but similar in both habituation groups (Experimental and Control). ANOVAs ascertained that no significant differences appeared between LCS-habituated and control participants.
Men and women of both the control group and the LCS habituationgroup did not select or consume more sweet-tasting foods in the laboratory on week 9 compared to week 1 (Table 3) . Two-way ANOVAs did not detect any main effect of week or group, and no interaction. No Table 1 Mean daily energy intake in male and female participants, associated with consumption of LCS beverage or water, measured in the laboratory and under free-living conditions: non-inferiority statistical analysis. Ad libitum macronutrient intakes associated with LCS or water in LCS naïve subjects Table 4 Ad libitum macronutrient intakes associated with LCS-beverage or water before (W1) and after (W9) the 4-week habituation period Intake with water as beverage (990 ml/day).
3
Intake with LCS beverage (990 ml/day).
4 2 ways ANOVA (mixed model) comparing measurements in W9 vs W1 in each setting (in lab or in free living) and in each sex group, followed by t test when appropriate: -group effect (LCS-Gr vs Water-Gr) and interaction (group effect vs session effect) were never significant.
-session effect: significant differences were observed for savory food options. Five-week habituation to LCS beverages did not significantly alter the temporal profile of appetite ratings, hunger, fullness, and desire-toeat in week 9 compared to week 1. In both habituation groups, the AUCs obtained for each parameter on week 9 did not differ from the AUCs obtained on week 1 (Fig. 1) .
Discussion
The present RCT protocol was original in many respects. First, the protocol followed the recommendation of the European Food Safety Authority (EFSA) that studies on the impact of beverages and foods on hunger and satiety extend beyond the standard short-term 3-4 h period. The present study followed appetite ratings as well as energy intakes for more than 15 h under carefully controlled laboratory conditions. Additional data on energy intakes during the following day were obtained through self-report. EFSA now requires long term high-quality data in support of any hunger and satiety claim.
Second, the RCT directly compared non caloric non-sparkling LCS lemonade to non-caloric non-sparkling mineral water, as opposed to comparing LCS to sugar sweetened beverages, a more conventional approach(see review in Miller and Perez (2014) and Rogers et al. (2016) ). According to some reports (for example (Swithers, 2013) ), continued ingestion of LCS over a prolonged period of time should have increased appetite, reduced satiety and increased both appetite for and the consumption of sugar. The present RCT was careful to measure not only energy intakes, but also the selection of sweet versus savory food items, macronutrient composition of the diet and the consumption of sugars both in the laboratory and on the next day under free living conditions. Third, the study was able to assess the impact of LCS beverages versus water on LCS "naive" subjects and on the same subjects following 5-week LCS beverage habituation. Recruiting LCS naive participants represented a considerable effort that was justified in view of arguments that habituation to LCS effects may modify consumers' responses.
Fourth, since the environment in which food is selected and consumed is an important factor in its acceptability, choice and consumption (Meiselman, Johnson, Reeve, & Crouch, 2000) the buffet-style meals provided in the laboratory were close to the typical eating habits of the French. Many studies in this area have used intake of a single food as a dependent measure, typically pasta (Rolls, 1991; Roe, Kling & Rolls, 2016) but the buffet approach was adopted here since it provides more flexibility (Blundell et al., 2010) and it allowed us to examine appetite for sweet food options specifically.
Finally, in this study, the consumption of LCS beverages during meals was chosen because it is in these circumstances that the sweet taste of LCS would present the greatest risk of increasing food intake by a sensory stimulation effect. In addition, the consumption of sodas at snack time in French adults is rather infrequent. Of note, while the participants were infrequent users of LCS, the screening interviews revealed no preconceived bias against LCS use. This was confirmed by the participants' willingness to grant informed consent and the fact that nobody dropped out of the study. ) before (Week 11) and after (Week 9) a 5 week period with either water (Water-Gr) or the LCS beverage (LCS-Gr) at mealtimes. A) Hunger; B) Fullness; C) Desire-to-eat. Each column corresponds to the area under the curve of the hourly VAS ratings from 8:00-22h00. Grey columns: measurement in the lab with water as beverage; black columns: measurement in the lab with the LCS beverage.
Energy and nutrient intakes
Some studies in rodents suggested that LCS may promote excessive intake and body weight gain by uncoupling the sweet taste and the caloric consequences of food intake (Davidson, Martin, Clark, & Swithers, 2011) . The present results show that this is not the case in human consumers at least not in the current setting. No differences in energy or food intakes were observed following the ingestion of LCS beverages as compared to mineral water before or after habituation. There were no differences between LCS beverage and mineral water on the first day (laboratory) or on the second day (free living). Before habituation, the consumption of carbohydrates and simple sugars (mono-and disaccharides) by "naïve" subjects was significantly decreased with LCS lemonade compared to mineral water (Table 2) , as was the selection and consumption of sweet foods associated to the acute LCS-beverage consumption (Table 3) .
Appetite for sweet foods was not affected by acute or long term LCS exposure. This observation contrasts with a claim by Ludwig that LCS exposure causes taste buds "to revert to an infantile state" (Ludwig, 2009) . In a study by Casperson et al. (Casperson, Johnson, & Roemmich, 2017) acute LCS consumption increased the motivation to gain access to sweet snacks relative to savory snack foods; Seferidi et al. (Seferidi, Millett, & Laverty, 2017) reported similar effects in children. The present data suggest that exposure to LCS does not increase the motivation to gain access to sweet foods. Repeated consumption of a LCS beverage as opposed to a sugar sweetened beverages appeared not to induce changes in their reward value (Griffioen-Roose et al., 2013) .
Conditioned satiety
The uncoupling of sweetness and calories has been reputed to have serious metabolic and behavioral consequences (Swithers, Martin, & Davidson, 2010) . The results of the present study show no signs of any disruption of eating behaviors after acute or chronic exposure to LCS. Since LCS beverages were consumed with meals, the LCS-induced experience of sweetness was not uncoupled from the post-ingestive consequences of energy consumption. In fact, epidemiological data confirm that LCS beverages are most often consumed with solid foods that bring energy, in the context of a snack or a meal (McKiernan, Houchins, & Mattes, 2008) . Consequently, the actual circumstances of LCS consumption prevent any adverse "uncoupling" effect to appear. In accordance with this view, a randomized RCT conducted by de Ruyter et al. (de Ruyter, Katan, Kuijper, Liem, & Olthof, 2013) on 203 children aged 7-11 years found no difference in experienced satiety after a year of daily controlled exposure to LCS beverages versus regular sugar beverages.
Appetite ratings
Previous studies established that preloads containing sucrose, stevia, aspartame, or sucralose had similar effects on ratings of appetite sensations (Anton et al., 2010; Brown, Bohan Brown, Onken, & Beitz, 2011) . In line with these observations, the present results showed similar ratings of appetite (hunger, fullness and desire-to-eat) after acute or chronic exposure to LCS beverages as compared to water. Recent neurophysiological data suggest that neural circuits underlying the motivation to seek caloric sweet foods differ from neural circuits underlying the motivation for non-caloric sweet taste (Carus-Cadavieco et al., 2017; Labouebe, Boutrel, Tarussio, & Thorens, 2016) .
LCS and weight management
Contributing to the worldwide obesity pandemic, an extensive body of evidence demonstrates that excess sugar consumption is associated with weight gain (Te Morenga et al., 2012) . This is why the WHO has reasserted its recommendation to reduce the daily consumption of free sugars below 10% of TEI. LCS are viewed as one tool to achieve dietary sugar reduction. However, concern is often expressed that LCS may in fact stimulate food intake and TEI. Indeed, some epidemiological studies have reported a higher risk of obesity associated with LCS use (Anderson, Foreyt, Sigman-Grant, & Allison, 2012; Berkey, Rockett, Field, Gillman, & Colditz, 2004; Duffey, Steffen, Van Horn, Jacobs, & Popkin, 2012; Nettleton et al., 2009) . Observational studies, however, cannot establish causation and in the present case cannot rule out reverse causality (individuals with weight control difficulties may be more prone than others to use LCS). By contrast, RCTs have reported lower TEI in individuals participating in weight reduction programs when LCS were used (for example Peters et al., 2014; see Rogers et al., 2016 for a review).
In agreement with other experimental reports, the present study demonstrates that both acute and chronic exposure to LCS beverages has no stimulating effect on TEI, food intake, or specific selection and consumption of sweet foods, as compared to water.
Numerous other works confirm that LCS substitution for sugar is an efficient mean to facilitate weight control. The systematic review and meta-analysis by Rogers et al. (Rogers et al., 2016) concluded that there is "considerable weight of evidence in favor of consumption of LCS in place of sugar as helpful in reducing relative energy intake and body weight". This conclusion is based on short-term and sustained RCT in adults and children. In addition, the same review mentioned that "the effects of low energy sweetened beverages on body weight also appear neutral relative to water, or even beneficial", based on three RCTs in adults (Tate et al., 2012 , Maersk et al., 2012 Peters et al., 2014; . The present non-inferiority protocol brings additional evidence in this area, and confirms that acute and long-term exposure to LCS in beverages, compared with water, does not modify food intake responses in terms of TEI and does not increase the selection and consumption of sugar-containing foods. Actually, some significantly lower sugar intake and selection of sweet-tasting foods in the LCS group, both under acute conditions and following habituation, suggest that meal-time LCS beverages satiate the appetite for sweetness in normal-weight adults, in accordance with previous observations reported in dieting obese individuals (Piernas et al., 2013) . Such a satiating effect may result from the well known sensory-specific satiation process, elicited by the sweet taste stimulation provided by LCS sweetened beverages (Rolls, 1986; Hetherington, 2013) . However, since LCS are a category of extremely different physico-chemical substances that share the sweet taste, it should be demonstrated that the present observations generalize to other LCS or groups of LCS used to confer sweetness to particular beverages or foods.
IN CONCLUSION, the present results, based on a non-inferiority test, support the notion that LCS beverages do not increase TEI when compared with water. The evidence shows that the use of LCS in place of sugar, in non-obese adults, leads to reduced appetite for sweettasting foods and sugars, suggesting a sensory-specific satiety effect. Importantly, the effects are consistent between acute conditions, in LCS-naïve participants, and after habituation to LCS beverages, showing that no adverse response develops over time. The present study addressed the responses associated to a 5 week habituation to LCS in beverages in young healthy adults. Generalisation of the findings remains to be explored in other age groups. Effects should be also examined in overweight/obese individuals and over longer periods of use. The potential benefit in terms of body weight management and prevention of weight gain of replacing sugar-sweetened beverages with LCS beverages rather than water remains to be elucidated by long-term RCT studies.
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